Background: A giant thoracic neoplasm is extremely rare and poorly understood. Our systemic study introduced computed tomography angiography (CTA) with three-dimensional (3D) reconstruction imaging and evaluated correlations between imaging, pathology, and surgical management. Methods: Data from 45 patients undergoing surgery for giant thoracic neoplasm in our institution between May 2007 and November 2015 were collected. The clinical characteristics, imaging manifestations, preoperative biopsy, surgical management, postoperative pathology, and prognosis and their correlation were analyzed. Results: The clinical characteristics, imaging manifestations, and pathological types were complicated. Four patients underwent CTA with 3D reconstruction imaging and feeding vessels were found in three cases. Twenty-four selected patients accepted preoperative biopsy, eight of which were inconsistent with postoperative pathology. Complete resection was performed in 39 cases, 20 of which underwent extended excision. The median survival duration of all patients was 58 months (range 3.0-118.0). The one, three, and five-year survival rates were 86.0%, 64.4%, and 47.0%, respectively. Univariate analyses showed tumor size and resection status were prognostic factors for survival (P = 0.003 and P < 0.001, respectively). Conclusions: A giant thoracic neoplasm should preferably be treated in experienced centers for precise diagnosis and optimal therapy schemes with comprehensive consideration of clinical characters, imaging manifestations, pathology, surgical management, and prognosis. Innovative CTA with 3D reconstruction imaging together with preoperative biopsy are feasible and effective in therapeutic decision-making and surgical planning. Complete surgical resection remains the mainstay of curative therapy for all resectable tumors.
Introduction
A giant thoracic neoplasm is extremely rare. In our clinical practice, a number of patients with giant thoracic neoplasms were hospitalized, which raised our concern. At present, there is no unified standard for the clinical diagnosis of giant thoracic neoplasm because of its rarity, heterogeneity, and pleomorphism. Generally, large tumors of >10 cm in diameter or occupying more than 40% of the hemithorax are regarded as giant thoracic neoplasms. 1, 2 The clinical characteristics, imaging manifestations, surgical management, pathology, and prognosis are poorly understood and to the best of our knowledge, little systemic research has been conducted.
The key points of therapy are to determine whether surgery is necessary and to ensure perioperative safety. A conventional enhanced computed tomography (CT) scan is the gold standard for imaging assessment. CT angiography (CTA) with three-dimensional (3D) reconstruction imaging and even rapid prototyping is expected to facilitate anatomic study, simulation, and planning for thoracic surgery. 3, 4 High-quality 3D-CT imaging, which clearly reveals the anatomy of pulmonary vessels and bronchi, could play an important role in safe, efficient, minimally invasive pulmonary anatomical resection. 5 Thus, we introduced CTA with 3D reconstruction imaging and biopsy pathology to selected patients for better assessment and surgery planning. 6 The primary aim of our study was to retrospectively analyze the clinical characteristics, imaging manifestations, surgical management, pathology, and prognosis of giant thoracic neoplasms. The secondary aim was to evaluate the effectiveness and feasibility of CTA with 3D reconstruction imaging and biopsy pathology in the preoperative assessment.
Methods Eligibility criteria and data collection
Medical records of adult patients undergoing surgical resection for giant thoracic neoplasm in our institution between May 2007 and November 2015 were retrospectively reviewed. All patients were evaluated by a multidisciplinary team and treated with curative intent. The inclusion criteria were as follows: (i) thoracic neoplasms >10 cm in greatest diameter, (ii) surgical resection was performed for curative intent, (iii) no neoadjuvant chemoradiotherapy had been administered, and (iv) the patient was followed-up for more than a year. The exclusion criteria were as follows: (i) thoracic neoplasms <10 cm in greatest diameter, and (ii) non-surgical treatment. Patient data was collected by two independent investigators, with a third investigator auditing data capture to minimize missing data and control concordance, as well as the inclusion or exclusion of patients. Missing or inconsistent data were obtained from original medical records or by telephone call with the corresponding surgeon or patient. The regional institutional review board approved this study, and written informed consent was obtained from all patients or their guardians, as appropriate.
Computed tomography angiography (CTA) with three-dimensional (3D) reconstruction imaging
Patients underwent iodine allergy tests and then a spiral CT scan with a Toshiba 320-slice volume CT scanner (Aquilion ONE, Toshiba Medical Systems, Otawara, Japan). A total of 75 mL of iohexol (Omnipaque, 300 mg of iodine per mL; GE Healthcare, Shanghai, China) was injected through the upper extremity via intravenous bolus injection with a mechanical injector (REF XD 2051; Ulrich GmbH & Co KG, Buchbrunnenweg, Germany) at a rate of 2.5-3.0 mL/s without subsequent injection of saline solution. The slice thickness was 0.5 mm. Digital imaging data were transferred to the Vitrea workstation using postprocessing procedures such as volume rendering, maximum intensity projection, and multiplanar reconstruction. The innovative imaging technique was recommended to selected patients with solid lesions abundant in blood supply or suspected unresectable tumors.
Preoperative biopsy
Preoperative pathologic diagnosis was recommended to selected patients through image-guided transthoracic needle core biopsy (CT or ultrasonic) or bronchoscopy. The least invasive biopsy with the highest yield is preferred.
Follow-up
All patients were followed up with clinical visits (preferred) or telephone contact. During follow-up clinical examination, a chest CT was taken every 6-12 months for the first two years, followed by annual chest CT. In cases of suspected recurrence, chest enhanced CT and biopsy were performed to obtain unequivocal radiologic and pathological proof. One patient died from cerebral hemorrhage on the 15th postoperative day, leaving 44 patients with survival data for analyses. Overall survival was calculated from the date of surgery to the date of death or last follow-up (15 November 2016) .
Statistical analysis
Statistical analysis was performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA). Overall survival was calculated using the Kaplan-Meier method, and statistical significance was evaluated using a log-rank test. Statistical significance was considered when P < 0.05.
Results

Patient demographic data
Demographic data are presented in Table 1 . Twenty-five men and 20 women were included in the study. The median age at diagnosis was 41 years. The majority of patients had been suffering symptoms such as chest tightness, shortness of breath, dyspnea, cough, and chest pain before consultation. Four patients had shown superior vena cava syndrome prior to diagnosis.
Four patients underwent CTA with 3D reconstruction imaging and feeding vessels were found in three of the cases. The details of positive findings and intraoperative verification are elaborated in Figures 1-3 feeding vessels, local tumor expansion, and loco-regional invasion on high-resolution 3D imaging were helpful to surgeons in assessing the feasibility of complete surgical resection.
Twenty-four patients (53.33%) accepted preoperative biopsy through image-guided transthoracic needle core biopsy (n = 23) or electronic bronchoscopy (n = 1). However, two cases were still unclear, even after biopsy was attempted twice. Eight cases were inconsistent with postoperative pathology, including three cases of germ cell tumors, one of fibrosarcoma, one of pulmonary sarcomatoid carcinoma, one of leiomyoma of esophagus, one of solitary fibrous tumor and one case of non-Hodgkin lymphoma.
Surgical data
The surgical data are presented in Table 2 . The surgery performed included median sternotomy in 11 patients, left posterolateral thoracotomy in 14, right posterolateral thoracotomy in 11, left anterolateral thoracotomy in four, right anterolateral thoracotomy in three and T-shaped incision in two patients. Complete resection was performed in 39 cases, 20 of which underwent extended excision. Exploratory thoracotomy was performed in two cases. Preoperative biopsy pathology was highly suspected to be solitary fibrous tumor and lipoma, respectively. After exploratory thoracotomy, frozen pathology revealed malignant soft tissue sarcoma and thus was impossible to completely resect. Palliative resection was performed in four cases because of the involvement of great vessels (thoracic aorta, aortic arch, or pulmonary trunk). The postoperative pathology results were liposarcoma, fibrosarcoma, synovial sarcoma, and thymic squamous cell carcinoma, respectively. No intraoperative death occurred. Re-expansion of the pulmonary edema occurred in one case during surgery and was recovered by cardiotonic, diureticum, glucocorticoid, and prolonged mechanical ventilation. One patient underwent emergent surgery with complete resection and right pneumonectomy. Because of hemorrhagic shock and a rupture in the tumor body, image-guided transthoracic needle core biopsy was followed by emergent surgery. The patient died on the 15th postoperative day from cerebral hemorrhage, based on a clinical diagnosis. The pathology revealed a mixed germ cell tumor containing seminoma, embryonal carcinoma, and immature teratoma.
Pathological data
Pathological data are presented in Table 3 . The most common pathological type was mesenchymal tumor (21 cases, 46.67%), including solitary fibrous tumor (7 cases), liposarcoma (6 cases), fibrosarcoma (2 cases), synovial sarcoma (3 cases), leiomyoma of esophagus (1 case), thymolipoma (1 case), and pleomorphic undifferentiated sarcoma (1 case). The second common pathological type was germ cell tumors (11 cases, 24.44%), including mature cystic teratoma (6 cases), seminoma (2 cases), yolk sac tumor (1 case), and mixed germ cell tumor (1 case).
Survival analyses
The median survival duration in all patients was 58 months (range 3-118). The one, three, and five-year survival rates were 86.0%, 64.4%, and 47.0%, respectively. Patients with tumors ≤20 cm at greatest diameter (n = 23) survived significantly longer than patients with larger tumors (n = 21) (median survival 73 vs. 41 months; (Fig 4a) . The median survival durations after exploratory thoracotomy, palliative resection, and complete resection with and without extended resection were 3, 15, 48, and 85 months, respectively (P < 0.001) (Fig 4b) . Overall comparison showed that different resection status was closely correlated with prognosis. Pairwise comparison showed a better prognosis in patients who had undergone complete resection compared to patients who had undergone exploratory thoracotomy or palliative resection (P < 0.001 and P = 0.004, respectively). However, the difference between exploratory thoracotomy and palliative resection was not significant (P = 0.107). The difference between complete resection with and without extended resection was also not significant (P = 0.157). Given the fact that there were only one or two patients with specific pathology types, we conducted survival analysis stratified by pathology group (Table 3) . Overall comparison showed that pathology group was closely correlated with prognosis (P = 0.001) (Fig 4c) . Pairwise comparison showed a better prognosis in patients with lymphoma and a poor prognosis in patients with rare malignant tumor of the lung. The difference between germ cell, mesenchymal, and thymic tumors was not significant.
Discussion
A giant thoracic neoplasm is extremely rare and has only occasionally been cited in the literature, usually in single cases. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] To our knowledge, only one previous has reported conclusions after surgical treatment. 26 Our retrospective study of 45 patients showed the complexity and heterogeneity of giant thoracic neoplasm through clinical characteristics, imaging manifestations, surgical management, pathology, and prognosis. We also confirmed the effectiveness of CTA with 3D reconstruction imaging and biopsy pathology in the preoperative assessment for giant thoracic neoplasm.
The clinical characteristics of thoracic neoplasm vary because of slow and expansive growth. Large tumors >10 cm in diameter may cause symptoms such as chest tightness, shortness of breath, dyspnea, chest pain, cough, fever, and fatigue. In China, routine health examination is not available to the general public, particularly to poor farmers. Morbidity related to giant thoracic neoplasm in China is speculated to be higher than in developed countries.
Imaging manifestations are essential for radiologic diagnosis and preoperative assessment. Conventional contrastenhanced CT is still the gold standard for the imaging evaluation of a giant thoracic neoplasm. However, clinical differential diagnosis between non-invasive and invasive tumors, as well as determination of the extent of local invasiveness, remains a challenge, even on CT scans. Thus, we 2.6 (0.9-6.0) †T-shaped incision: Median sternotomy followed by anterolateral thoracotomy. ‡Postoperative histopathology showed fibrosarcoma and liposarcoma, respectively. §Volume = (length × width 2 )/2. introduced innovative CTA with 3D reconstruction imaging to selected patients with solid lesions abundant in blood supply or with a suspected unresectable mass. This procedure is not recommended if a cystic lesion or hypovascular tumor is strongly suspected, based on conventional CT scanning. Contrast-enhanced CTA with 3D reconstruction imaging has been proven to better assess feeding vessels, local tumor expansion, and loco-regional invasion. It facilitates a more detailed preoperative assessment of surgical feasibility and safety. 6, 27, 28 This innovative imaging technique has the potential to improve stratification of patients for more tailored therapy and better outcomes.
In addition, intravoxel incoherent motion and diffusion magnetic resonance imaging, as well as fluorodeoxyglucose positron emission tomography, have great potential to distinguish between non-invasive and invasive tumors. 29 High-resolution superselective angiography has been widely applied in the diagnosis and treatment of vascular diseases, such as pulmonary arteriovenous malformation, gastrointestinal hemorrhage to perform both superselective angiography of the feeding artery, and embolization itself. 30 The practicability of these techniques for a giant thoracic neoplasm is worth studying.
Precise pathological diagnosis can be made by preoperative biopsy through image-guided transthoracic needle core biopsy or electronic bronchoscopy. The least invasive biopsy with the highest yield is preferred. Pathological results inform therapeutic decision and prognosis. The following correlations were concluded based on our study and experience. For benign or low-grade malignant giant thoracic tumor, such as thymoma, solitary fibrous tumor, and mature cystic teratoma, complete resection is always feasible and the prognosis is satisfactory. For giant soft tissue sarcoma, advanced thymic carcinoma, or malignant germ cell tumor, (especially an aggressive tumor with an abundant blood supply strongly suspected to be unresectable based on preoperative imaging manifestation), direct surgical treatment means a high possibility of conversion to debulking surgery or exploratory thoracotomy, increasing complication morbidity and poor prognosis. Therefore, neoadjuvant or even radical radiochemotherapy should be recommended for these selected patients prior to surgery. 31 On the other hand, a biopsy adds time, cost, procedural risk, and the following limitations: (i) pathology based on small biopsies is not error free, and can be misleadingbenign results do not exclude a malignant tumor; (ii) possibility of iatrogenic tumor cell dissemination and rupture of tumor body; and (iii) pneumothorax is the most common complication. 32 Preoperative biopsy is not obligatory for every giant thoracic neoplasm, but is recommended when an unresectable tumor is strongly suspected or non-surgical therapy is preferred based on clinical characteristics and imaging manifestations. It should be avoided for cystic lesions or resectable benign tumors. Double lumen endotracheal intubation and intravenous anesthesia is recommended in order to prevent the occurrence of bronchial rupture and hemorrhage. In some cases, intubation in a semi-conscious state without the use of muscle relaxants followed by decisive thoracotomy is required to ensure safety.
Based on experience, the key to successful surgery is optimal surgical incision and approach, which determines whether a giant thoracic neoplasm can be sufficiently exposed and resected. Standard posterolateral thoracotomy and median sternotomy incisions are most commonly selected. An anterior lateral incision combined with a median sternotomy incision can be used for a patient with an anterior mediastinal tumor protruding to the unilateral or bilateral thoracic cavity. If the tumor is cystic or cysticsolid, a small incision in the cystic wall can be made to suck the cystic fluid, which not only avoids the spread of cystic fluid into the thoracic cavity, but also reduces surgical difficulty. If the tumor is solid and completely encapsulated, direct complete resection of the tumor should be expected. If the tumor is excessively large and tightly adheres to adjacent tissues, careful separation along the inner surface of the tumor capsule can be performed. The tumor can be removed piece by piece in order to clearly expose the operating field under direct vision and improve surgical safety. There are always many feeding vessels, which should be ligated or sutured before resection. When using CTA with 3D reconstruction imaging, the tumor pedicle and feeding vessels should be located prior to surgery and handled with purpose during surgery. In cases involving the superior vena cava or innominate vein, angioplasty or prosthetic vessel replacement should be performed if necessary. The definition of a giant thoracic neoplasm is mainly based on the location and volume of the neoplasm, regardless of the same pathological type or unified staging criteria. Obviously, a prognosis of benign or low-grade malignant giant thoracic tumor, such as thymoma, solitary fibrous tumor, and mature cystic teratoma, is promising. Outcomes of malignant tumors, such as giant soft tissue sarcoma, advanced thymic carcinoma, or malignant germ cell tumor is not satisfactory. However, an evaluation of the correlation between pathology, staging, and prognosis is unfeasible and useless. Except for pathology and staging, resection status is the most important prognostic factor in giant thoracic neoplasms, followed by tumor size. Radical surgery is the optimal therapeutic regimen for all resectable giant thoracic neoplasms, whether there is tumor invasion or not.
There are some limitations to our study. As a retrospective, single-center, database study, the results generated are dependent on the reliability of data collection and the study sample size. To minimize any bias, two independent investigators collected the data and an independent monitoring investigator audited data capture to minimize missing data and control concordance, as well as to include or exclude patients. Subgroup analysis stratified by pathology or staging was not possible because of the sample size and the low morbidity of specific pathological types.
In conclusion, because of its rarity and complexity, a giant thoracic neoplasm should preferably be treated in experienced centers for precise diagnosis and optimal therapy schemes with comprehensive consideration of clinical characters, imaging manifestations, pathology, surgical management, and prognosis. Innovative CTA with 3D reconstruction imaging together with preoperative biopsy are feasible and effective in therapeutic decision-making and surgical planning. Complete surgical resection remains the mainstay of curative therapy for all a priori resectable tumors with promising prognosis defined by imaging manifestations and preoperative biopsy. Further studies with larger multicenter cohorts, prospective clinical trials, and subgroup analysis stratified by pathology or staging are required to confirm these preliminary findings.
